The finite element software and finite difference software are used to complete the dynamic simulation of the excavation process and the influence of the foundation pit on the additional deformation of the subway tunnel. The horizontal displacement occurs around the foundation pit due to the excavation, and at the bottom there is vertical uplift deformation. The deformation of the subway tunnel occurred due to the unloading deformation at the bottom of the foundation pit, and the whole tunnel is deformed to the foundation pit. Moreover, the tunnel deformation near the foundation pit is larger than the tunnel deformation far away from the foundation pit.
INTRODUCTION
With the acceleration of the urbanization process, the development of the subway project has been greatly promoted. Therefore, we can often see the construction of the foundation pit excavation near the constructed subway tunnel. When the construction environment is very complex, it is necessary not only to ensure the construction progress and construction quality of the new foundation pit, but also to control the stratum near the foundation pit construction disturbance, so as to effectively protect the safety of the adjacent subway tunnel [1] [2] [3] [4] . In general the excavation will make its adjacent subway tunnel deformation, will affect the normal use of the subway tunnel to a certain extent, in severe cases can even cause cracking in subway tunnel segment, mud leakage and Water Leakage etc., so project personnel should take measures to control the influence of foundation pit excavation on adjacent subway tunnel deformation [5] [6] [7] [8] . In this paper, the finite element software and finite difference software are used to complete the dynamic simulation of the excavation process and the influence of the foundation pit on the additional deformation of the subway tunnel.
COMPUTATIONAL MODEL
The soil layer in the area is 3 layers. The thicknesses are 3.6m, 8m, 38.4m. The outer diameter of tunnel structure is 6.2m, and the diameter is 5.5m. The linear elastic material is used to simulate. The center depth of tunnel is 22.43m. The vertical distance between the top of the tunnel and the bottom of the foundation pit is about 14.5m, the horizontal distance from the foundation pit is 10 to 25m, and the cement mixing pile is strengthened at the east of the foundation pit. The computational geometry model is shown in figure 1 . The geometric model is established, and the SOLID45 four node solid element and 3D tetrahedral mesh are adopted. The finite element model is shown in Figure 2 .
Calculating the influence of foundation pit excavation on the tunnel. Excavation in accordance with clockwise direction, first dig from the farthest part of the subway tunnel, and then gradually dig the parts near the subway tunnel. The detailed step-by-step procedure is shown in figure 3 . 
DEFORMATION DURING FOUNDATION PIT EXCAVATION
Excavation of the first part of the pit, Figure 4 and Figure 5 show the displacements profile of the soil when the first part is excavated. According to the calculation, the horizontal displacement occurs around the foundation pit due to the excavation of the foundation pit, and at the bottom there are vertical uplift deformation. The maximum horizontal displacement is 3.6mm, and the maximum vertical displacement is 8.3mm. Excavation of the second part of the pit, with the increase of area excavation, horizontal displacement of the foundation pit increases, and also increases the vertical displacement at the bottom.
Excavation of the third part of the pit, as the excavation area of the foundation pit increases to the direction of the subway tunnel, the horizontal displacement of the new excavation wall appears to the interior of the foundation pit, the vertical deformation of the bottom of the new excavation has also occurred. However, because the new excavation is located on the left side of the excavation, it has little influence on the deformation of the foundation pit. This is mainly due to the support structure at the upper part of the foundation pit, and the soil around the foundation pit has the ability to resist deformation.
Excavation of the fourth part of the pit, with the excavation of the fourth part of the foundation pit, the horizontal deformation on the wall of the foundation pit increases obviously, and the vertical uplift deformation at the bottom of the foundation pit increases. The maximum horizontal displacement is 4.11mm, and the maximum vertical displacement is 9.72mm. Fig. 6 shows the stress distribution around the tunnel after the excavation. It can be seen that after excavation, the maximum stress in the X direction of the tunnel is 3.8MPa, the maximum stress in the Y direction is 4.4MPa, and the maximum stress in the Z direction is 5.8MPa. The maximum stress appears at the left and right sides of the tunnel, which is mainly due to the deformation of the tunnel to the right of the foundation pit after the excavation. Fig. 7 is the displacement field of the tunnel when foundation pit is completed. The deformation of the subway tunnel occurred due to the unloading deformation at the bottom of the foundation pit, and the whole tunnel is deformed to the foundation pit. Moreover, the tunnel deformation near the foundation pit is larger than the tunnel deformation far away from the foundation pit. For the tunnel near the foundation pit, the maximum values of deformation in different directions appear in the middle of the whole tunnel. The maximum horizontal displacement is 0.492mm, and the maximum vertical displacement is 0.46mm. 
INFLUENCE OF EXCAVATION ON TUNNEL

CONCLUSIONS
In order to reduce the influence of foundation pit excavation on tunnel deformation, the excavation should start from the part away from the tunnel and then gradually dig into the tunnel. In the process of foundation pit excavation, attention should be paid to controlling the uplift deformation at the bottom of the foundation pit, avoid excessive tunnel deformation due to excessive deformation of foundation pit.
